In ancient China, shifts in regional productivity of agriculture and animal husbandry, caused by 8 climate change, either induced wars or peaceful relations between nomadic and farming groups. During the 9 period spanning the Western Han Dynasty to the Tang Dynasty, 367 wars were waged between these groups.
Introduction

24
The association between violent conflicts and environmental change has attracted much research attention 
34
The key factors in conflicts stemming from climate change vary from region to region. Webster's study of 35 historical societies suggested that warfare is an adaptive ecological choice under the conditions of population 36 growth and resource limitation (Webster, 1975) . In Africa, most studies of influencing factors have focused on 37 the role of precipitation in explaining the incidence of conflict, finding that modern conflicts are more likely in 38 drier years or during prolonged droughts (Held IM et al., 2006; Hendrix CS et al., 2007) . Over the last 39 millennium, conflicts were more prevalent during colder periods not only in Europe (Tol Richard SJ et al.,
40
2010), but also in China (Zhang DD et al., 2006) , because reduced thermal energy input during a cold phase 41 lowers the land-carrying capacity in a traditional agrarian society.
42
The impact process of climate change on conflict varies in different regions. Zhang (2006) concluded that in
43
China the frequency of war varied in the last millennium according to geographical locations (northern,
44
central vs southern China) because of differences in the physical environment and hence differential 45 responses to climate change. This study also concluded that variations in the frequency of rebellion in China 
46
were highly correlated with climatic changes. The conflicts were more prevalent during colder periods.
However, in northern China, the aberrant peaks, overshadowed by this correlation, were mainly due to 48 instigations by nomadic invaders from the north (Zhang DD et al., 2006) . This leads to the question of 49 whether conflicts are more prevalent during colder periods when factors relating to regional divisions or 50 types of violent conflicts are considered. This paper focuses on the relationship between climate change and 51 wars of invasion between nomadic and farming groups in northern China in 206 BC-906 AD.
52
Rotational grazing and sedentary farming were two of the most important modes of economic production 53 in ancient societies. These subsistence techniques gave rise to two groups: nomadic and farming groups. The 54 nomadic group comprised a number of nomadic minorities, such as the Huns, Xianbei, Xiqiang, Khitan and
55
Turks. The farming group was predominantly of Chinese Han ethnicity, and was a combination of ancient
56
Huaxia people and other ethnic groups. The main tribes of the Huaxia were the Huang Di, Yan Di, and Chi You.
57
The history of the exchanges and collisions between these two groups is an important part of China 58 civilization (Tian Shu et al., 2008) . In China, the northern nomadic tribes moved from place to place in search 59 of water and grass for their herds. Nomadic settlements in the vast temperate arid or semi-arid steppes 60 3 offered harsh conditions; cold in winter and infrequent rainfall. In contrast, the farmers mainly of Chinese Han 61 ethnicity adopted a self-sufficient way of production and distributed themselves in the eastern monsoon 62 region, where the rainfall and high temperatures were synchronous, with relatively abundant precipitation.
63
The natural climate conditions in these areas were comparatively favorable ( Figure 1) . Therefore, the farming 64 group was mainly engaged in agricultural production and living a sedentary life.
65
The evolution of inter-group relations in China has a long and complex history, which, when combined with 66 long-term historical documentation, is conducive to the relationship studies between climate change and 67 group conflicts. Brest Hinsch (1998) 
88
The period this paper examines (206 BC-906 AD) spanned 1112 years and underwent eight major 
101
To exchange and acquire natural resources and products, nomads and farmers have historically traded with 102 each other, leading to migration, population mixing, and even cultural blending of these groups. However,
103
there have also been disputes, conflicts, and wars between them. National cohesion was ultimately achieved 
115
characterized by especially rich records and some by sparse records (Zhang Wenhua, 2002) . In other words,
116
there is discontinuity and heterogeneity in the historical records ( 
120
Based on the records contained in the Chronology, we classified and selected 367 wars waged between 121 nomadic and farming groups extending from the Western Han Dynasty to the Tang Dynasty. We noted the 122 following information: the year when a war occurred, the name of the war, the initiator, the victor, the major 123 battlefield, and its location (its present name and position by latitude and longitude).
124
The selection of the records was based on the following criteria.
125
( 
131
(3) In 363 records (accounting for 98.91% of the compiled data), it was clear who had initiated the war.
132
However, in four records (1.09%), farming groups provided assistance (in the form of troops) to nomads 133 embroiled in civil strife. In these instances, the farming groups were regarded as the initiators.
134
(4) In 355 records (96.72%), it was clear who the victors were. However, in 12 records, the victors were not 135 identified. One side was referred to as an "effective defense" or "effective counterattack" in seven (1.91%) of 136 these records. The opposing side was correspondingly described in terms such as "unable to conquer the 137 adversaries" or "attempted attack failed." In these records, the defending side was categorized as the victor.
138
In three records (0.82%), one side begged for a truce or made peace through marriage and was deemed the 139 losing party. Two other records (0.54%) pertained to wars entailing multiple battlefields and varying outcomes 140 of different wars. In these records, we classified the outcomes according to the war that was waged last.
141
(5) The location of the war was available in 351 records (95.64%). However, no relevant information was 142 available for two specific situations, for which we consequently used other criteria. In 11 records (1.99%) the 143 battlefield location was noted as being "on the border." In such situations, we referred to the Historical Atlas
144
of China (Guo Moruo, 1996) using the midpoint of the border as the battlefield location. In five other records
145
(1.36%), where the only details provided were of the involved armies, we used the locations of army camps as 146 the battlefield locations.
147
We calculated the total number of wars, the average latitudes of the battlefields, the frequency of conflict 
Climate change sequences 7
To improve the reliability of our sequence comparison, we used temperature and precipitation as the 157 comparative references for two sequences each.
158
The following two temperature sequences of other scholars were used:
159
(1) Reconstructed temperature data, based on historical documents, indicate a series of temperature
160
variations during the winter half-year in eastern China over the last 2,000 years (Ge QS et al., 2003 , 2010 .
161
This reconstruction was based on the pioneering research of Chu (Chu KC, 1973 
172
was developed using proxy temperature data with relatively high confidence levels for five regions (the
173
Northeast, Northwest, Central East, Tibetan Plateau, and Southeast).
174
For the dry/wet ratio series, we used two sequences for comparative purposes as follows.
175
The 
205
Based on the descending order of the frequency of war during each dynastic period, the top 15% of periods
206
(with frequency ≥7 wars/decade) were categorized as high-incidence periods. There were 18 such periods 
213
A statistical classification of wars during different dynastic periods suggests that decadal war frequencies 214 during the Eastern Han, Western Jin, and Eastern Jin dynasties were considerably above the average 215 frequency (3.3 wars/decade), and that there was a high incidence of group wars during these dynastic 216 periods (Table 1) . A total of 14 high-incidence periods of war occurred during the timespan of these three 217 dynasties, accounting for 78% of all the high-incidence periods. During other dynastic periods, the decadal 218 war frequency of war was below the average. These were, therefore, considered low incidence periods. 
219
246
The third period comprising the Sui and Tang dynasties (581-906 AD), was a low incidence period for wars.
247
During this period, there were 89 wars in total (24% of the total and 2.7 wars/decade). Apart from the high 
260
China Plain. In summary, the major battlefields were mostly located in border regions (Figure 3a) . 
581-906AD.) and basic geomorphology units (d) in China
282
An overall examination of these periods revealed that the battlefields were mainly distributed in the Hexi 
315
There were year-wise, decadal, and even regional differences relating to changes in humidity. The warm 
323
During the first cold period (181-540 AD), the whole country was partially dry. In the East, 55.8% of the 324 total year was partially dry, and the southern and northern regions were both dry. In the West, 65.3% of the 
336
343
Conversely, during decades of countrywide temperature variations below 0 °C, the average frequency of wars 344 was 2.6 wars per decade. The average variation in temperature was 0.1 °C during decades characterized by 345 four or more wars. Of the 18 high-incidence periods of group wars, 13 (72%) broke out during warm periods,
346
with average temperature variations of 0.28 °C. Statistical analysis revealed that 20.6% of the warm periods 347
were also high-incidence periods of war.
348
The proportion of farming groups as initiators of war remained low, showing no significant correlation with 349 temperature change. Conversely, nomadic groups were consistently the aggravators. However, during cold 350 decades, the proportion of farming groups that initiated wars increased (Table 4) (Table 4) . In short, during warm decades, a large proportion of wars were 355 initiated by nomadic groups, whereas farming groups defended themselves effectively. During cold decades,
356
proportions of wars initiated by the two sides were similar, and the proportion of wars won by farming 357 groups decreased. 
358
360
On a decadal timescale, there was no significant correlation between the frequency of wars and the 361 dry/wet series. During decades when the East was experienced less rainfall, the proportion of wars initiated 362 by farming groups increased, but the proportion of their victories was not high (Table 4) . Conversely, during 363 decades when the East was experienced higher rainfall, the number of wars initiated by farming groups was 364 lower, but the proportion of their victories increased. During dry and cold periods, whereas farming groups 365 were inclined to initiate wars, their chances of victory were reduced. 374 Table 3 indicates that the vast majority of all wars were initiated by nomadic groups. However, farming 375 groups achieved more victories. Further, the locations of key battlegrounds also changed as climate change.
376
This raises questions of why these changes occurred and what the role of the climate. These are addressed 377 below.
378
A first point to consider is the strong dependence of the nomadic economy on agricultural products.
379
Although there is some demand for livestock products within an agricultural economy, considerable gaps 
421
A third consideration is that during cold periods, both groups (and consequently political boundaries and 422 conflict zones) moved south. During cold periods, both groups were weakened to some extent. 
444
only played an indirect role in these wars, for example, producing constraints on regional productivity.
445
Consequently, the climate has provided an environmental backdrop for the wars.
446
Many social and economic factors directly affected the wars. Social instability was one risk factor. For 
449
The Han government's failure to completely solve the serious consequences of the flood led to intensified 450 social conflicts (Duan Wei, 2002) . Consequently, this was a good time for nomadic groups to launch attacks.
21
However, there are fewer records for periods of social instability or dynastic succession.
452
It should be noted that conflict was not the only interaction between the two groups-peace also prevailed 
465
Wars between nomadic and farming groups regularly occurred. On a centennial timescale, there was no
466
significant correlation between the number of wars and climate change. However, on a decadal timescale, a
467
warm climate corresponded to a high incidence of wars, while cold periods corresponded to a low incidence 468 of wars.
469
Overall, the majority of the wars were initiated by nomadic groups. This reflects the nomads' vulnerability,
470
and their dependence on the farming economy rather than bearing a close relationship to climate change.
471
However, during warm periods, most of the wars were won by farming groups, reflecting their economic 
477
3 Some feudal dynasties made peace through marital alliances with the rulers of minority nationalities in border areas.
22
The influence of climate change on wars between nomadic and farming groups can be examined based on 
491
Moreover, we did not provide holistic coverage of the 2,000-year period examined in this research.
492
Consequently, there are temporal limitations that impact on our conclusions about their relationships. The
493
construction of the sequence also needs to be further extended. 
